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FIG.2
_ Frictional element
Mode Shift-speed il ezl B
First EV mode 157 ®
Second EV mode 2" ®
First hybrid operating mode 157 ®
Second hybrid operating mode plo ®
Third hybrid operating mode - ®
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FIG.4

(A) Output N3

(B) Output N3

PG2




U.S. Patent Feb. 23,2016 Sheet 5 of 11 US 9,266,418 B2

FIG.5
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1
POWER TRANSMISSION SYSTEM OF
HYBRID ELECTRIC VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority of Korean Patent
Application Number 10-2013-0076706 filed on Jul. 1, 2013,
the entire contents of which application are incorporated
herein for all purposes by this reference.

BACKGROUND OF INVENTION

1. Field of Invention

The present invention relates to a power transmission sys-
tem of a hybrid vehicle. More particularly, the present inven-
tionrelates to a power transmission system of a hybrid vehicle
which minimizes impact due to torque change of a motor/
generator when being converted into a hybrid operating mode
and reduces electric load and capacity of the motor/generator
by giving more importance on mechanical power delivery
path when splitting engine power.

2. Description of Related Art

Environmentally-friendly technique of vehicles is very
important technique on which survival of future motor indus-
try is dependent. Vehicle makers are focusing on development
of environmentally-friendly vehicles so as to meet environ-
ment and fuel consumption regulations. Therefore, the
vehicle makers have been developing future vehicles such as
electric vehicles (EV), hybrid electric vehicles (HEV), and
fuel cell electric vehicles (FCEV).

Since the future vehicles have technical restrictions such as
weight and cost, the vehicle makers keep observation upon
hybrid electric vehicles for meeting exhaust gas regulations
and improving fuel consumption performance and are com-
peting desperately to put the hybrid electric vehicles to prac-
tical use.

The hybrid electric vehicles are vehicles using more than
two power sources, and gasoline engines or diesel engines
using fossil fuel and motor/generators driven by electrical
energy are mainly used as the power sources of the hybrid
electric vehicles. The hybrid electric vehicle uses the motor/
generator having relatively better low-speed torque charac-
teristics as a main power source at a low-speed and uses an
engine having relatively better high-speed torque character-
istics as amain power source at a high-speed. Since the hybrid
electric vehicle stops operation of the engine using the fossil
fuel and uses the motor/generator at a low-speed region, fuel
consumption may be improved and exhaust gas may be
reduced.

The power transmission system of a hybrid electric vehicle
is classified into a single-mode type and a multi-mode type.

A torque delivery apparatus such as clutches and brakes for
shift control is not necessary, but fuel consumption is high due
to deterioration of efficiency at a high-speed region and an
additional torque multiplication device is required for being
applied to a large vehicle according to the single-mode type.

Since the multi-mode type has high efficiency at the high-
speed region and is able to multiply torque autonomously, the
multi-mode type can be applied to a full size vehicle. There-
fore, the multi-mode type instead of the single-mode type is
applied as the power transmission system of a hybrid electric
vehicle and is also under continuous investigation.

The power transmission system of the multi-mode type
includes a plurality of planetary gear sets, a plurality of
motor/generators operated as a motor and/or a generator, a
plurality of torque delivery apparatus controlling rotation
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elements of the planetary gear sets, and a battery used as a
power source of the motor/generators.

The power transmission system of the multi-mode type has
different operating mechanisms depend on connections of the
planetary gear sets, the motor/generators, and the torque
delivery apparatus. In addition, the power transmission sys-
tem of the multi-mode type has different features such a
durability, power delivery efficiency, and size depend on the
connections of the planetary gear sets, the motor/generators,
and the torque delivery apparatus. Therefore, designs for the
connection structure of the power transmission system of a
hybrid electric vehicle are also under continuous investiga-
tion to achieve robust and compact power transmission sys-
tem having no power loss.

The information disclosed in this Background section is
only for enhancement of understanding of the general back-
ground of the invention and should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

SUMMARY OF INVENTION

The present invention has been made in an effort to provide
a power transmission system of a hybrid electric vehicle
having advantages of minimizing impact due to torque
change of a motor/generator when being converted into a
hybrid operating mode and reducing electric load and capac-
ity of the motor/generator by giving more importance on
mechanical power delivery path when splitting engine power.
In addition, the present invention has been made in an effort to
provide a power transmission system of a hybrid electric
vehicle having further advantages of providing engine modes
where a vehicle runs without consuming electric energy at the
motor/generator for enhancement of fuel consumption when
high-speed traveling.

A power transmission system of a hybrid electric vehicle
according to various aspects of the present invention may
include: an input shaft receiving torque of an engine; a first
rotation shaft disposed in parallel with the input shaft; a first
planetary gear set disposed on the first rotation shaft, and
including a first rotation element directly connected to a first
motor/generator, a second rotation element connected to an
output gear through a second rotation shaft disposed without
rotational interference with the first rotation shaft, and a third
rotation element connected to the input shaft through a first
externally-meshed gear; a second planetary gear set disposed
on the first rotation shaft, and including a fourth rotation
element connected to a second motor/generator through the
first rotation shaft and selectively connected to the input shaft
through the first or a second externally-meshed gear or com-
bination thereof, a fifth rotation element connected to the
second rotation element, and a sixth rotation element selec-
tively connected to a transmission housing; transfer gears
forming the first and second externally-meshed gears; and
frictional elements selectively connecting one rotation ele-
ment of the second planetary gear set to the input shaft,
directly coupling the second planetary gear set, or selectively
connecting another rotation element of the second planetary
gear set to the transmission housing.

In one aspect, the first planetary gear set may be a single
pinion planetary gear set, and may include a first sun gear
being the first rotation element, a first planet carrier being the
second rotation element, and a first ring gear being the third
rotation element. In addition, the second planetary gear set
may be a single pinion planetary gear set, and may include a
second sun gear being the fourth rotation element, a second
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planet carrier being the fifth rotation element, and a second
ring gear being the sixth rotation element.

In another aspect, the first planetary gear set may be a
double pinion planetary gear set, and may include a first sun
gear being the first rotation element, a first ring gear being the
second rotation element, and a first planet carrier being the
third rotation element. In addition, the second planetary gear
set may be a single pinion planetary gear set, and may include
a second sun gear being the fourth rotation element, a second
planet carrier being the fifth rotation element, and a second
ring gear being the sixth rotation element.

In yet another aspect, the first planetary gear set may be a
single pinion planetary gear set, and may include a first sun
gear being the first rotation element, a first planet carrier
being the second rotation element, and a first ring gear being
the third rotation element. In addition, the second planetary
gear set may be a double pinion planetary gear set, and may
include a second sun gear being the fourth rotation element, a
second ring gear being the fifth rotation element, and a second
planet carrier being the sixth rotation element.

In an aspect, the transfer gears may include a first transfer
gear connecting the input shaft to the third rotation element
and a second transfer gear connecting the input shaft to the
fourth rotation element. In an aspect, the frictional elements
may include: a first clutch disposed between the first rotation
shaft and the second rotation shaft; a second clutch disposed
between the input shaft and the second transfer gear; and a
first brake disposed between the sixth rotation element and
the transmission housing.

In some aspects, the first brake may be operated at a first
EV mode, the first clutch may be operated at a second EV
mode, the first brake may be operated at a first hybrid oper-
ating mode, the first clutch may be operated at a second hybrid
operating mode, the second clutch may be operated at a third
hybrid operating mode, the second clutch and the first brake
may be operated at a first engine mode, and the first clutch and
the second clutch may be operated at a second engine mode.
In an aspect, a third clutch may be disposed between the
engine and the input shaft.

In other aspects, the frictional elements may include a first
clutch disposed between the first rotation shaft and the second
rotation shaft, a second clutch disposed between the second
transfer gear and the first rotation shaft, and a first brake
disposed between the sixth rotation element and the transmis-
sion housing.

A power transmission system of a hybrid electric vehicle
according to various other aspects of the present invention
may include: an input shaft receiving torque of an engine; a
first rotation shaft disposed in parallel with the input shaft; a
first planetary gear set including a first rotation element
directly connected to a first motor/generator, a second rota-
tion element connected to an output gear through a second
rotation shaft disposed without rotational interference with
the first rotation shaft, and a third rotation element connected
to the input shaft; a second planetary gear set including a
fourth rotation element connected to a second motor/genera-
tor and selectively connected to the input shaft, a fifth rotation
element connected to the second rotation element, and a sixth
rotation element selectively connected to a transmission
housing; a first transfer gear connecting the input shaft to the
third rotation element; a second transfer gear connecting the
input shaft to the fourth rotation element; and frictional ele-
ments selectively connecting one rotation element of the sec-
ond planetary gear set to the input shaft, directly coupling the
second planetary gear set, or selectively connecting another
rotation element of the second planetary gear set to the trans-
mission housing.
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In one aspect, the first planetary gear set may be a single
pinion planetary gear set, and may include a first sun gear
being the first rotation element, a first planet carrier being the
second rotation element, and a first ring gear being the third
rotation element. In addition, the second planetary gear set
may be a single pinion planetary gear set, and may include a
second sun gear being the fourth rotation element, a second
planet carrier being the fifth rotation element, and a second
ring gear being the sixth rotation element.

In another aspect, the first planetary gear set may be a
double pinion planetary gear set, and may include a first sun
gear being the first rotation element, a first ring gear being the
second rotation element, and a first planet carrier being the
third rotation element. In addition, the second planetary gear
set may be a single pinion planetary gear set, and may include
a second sun gear being the fourth rotation element, a second
planet carrier being the fifth rotation element, and a second
ring gear being the sixth rotation element.

In still another aspect, the first planetary gear set may be a
single pinion planetary gear set, and may include a first sun
gear being the first rotation element, a first planet carrier
being the second rotation element, and a first ring gear being
the third rotation element. In addition, the second planetary
gear set may be a double pinion planetary gear set, and may
include a second sun gear being the fourth rotation element, a
second ring gear being the fifth rotation element, and a second
planet carrier being the sixth rotation element.

In an aspect, the frictional elements may include a first
clutch disposed between the first rotation shaft and the second
rotation shaft, a second clutch disposed between the input
shaft and the second transfer gear, and a first brake disposed
between the sixth rotation element and the transmission hous-
ing.

In some aspects, the first brake may be operated at a first
EV mode, the first clutch may be operated at a second EV
mode, the first brake may be operated at a first hybrid oper-
ating mode, the first clutch may be operated at a second hybrid
operating mode, the second clutch may be operated at a third
hybrid operating mode, the second clutch and the first brake
may be operated at a first engine mode, and the first clutch and
the second clutch may be operated at a second engine mode.
In an aspect, a third clutch may be disposed between the
engine and the input shaft.

In other aspects, the frictional elements may include a first
clutch disposed between the first rotation shaft and the second
rotation shaft, a second clutch disposed between the second
transfer gear and the first rotation shaft, and a first brake
disposed between the sixth rotation element and the transmis-
sion housing.

The methods and apparatuses of the present invention have
other features and advantages which will be apparent from or
are set forth in more detail in the accompanying drawings,
which are incorporated herein, and the following Detailed
Description, which together serve to explain certain prin-
ciples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an exemplary power
transmission system according to the present invention.

FIG. 2 is an operational chart of frictional elements at each
mode applied to a power transmission system according to the
system of FIG. 1.

FIG. 3 is a schematic diagram briefly illustrating connec-
tion of rotation elements in a power transmission system
according to the system of FIG. 1.
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FIGS. 4(A), 4(B), 5(A), 5(B), 6, 7(A) and 7(B) are respec-
tive drawings for explaining operation of a power transmis-
sion system according to the system of FIG. 1 at each mode.

FIG. 8 is a schematic diagram of an exemplary power
transmission system according to the present invention.

FIG. 9 is a schematic diagram of an exemplary power
transmission system according to the present invention.

FIG. 10 is a schematic diagram of an exemplary power
transmission system according to the present invention.

FIG. 11 is a schematic diagram of an exemplary power
transmission system according to the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
present description is not intended to limit the invention(s) to
those exemplary embodiments. On the contrary, the invention
(s) is/are intended to cover not only the exemplary embodi-
ments, but also various alternatives, modifications, equiva-
lents and other embodiments, which may be included within
the spirit and scope of the invention as defined by the
appended claims.

Description of components that are not necessary for
explaining the exemplary embodiments will be omitted, and
the same constituent elements are denoted by the same refer-
ence numerals in this specification. In the detailed descrip-
tion, ordinal numbers are used for distinguishing constituent
elements having the same terms, and have no specific mean-
ings.

FIG. 1 is a schematic diagram of a power transmission
system according to various embodiments of the present
invention. Referring to FIG. 1, a power transmission system
of'a hybrid electric vehicle changes torque of an engine ENG
transmitted through an input shaft IS according to running
state of a vehicle, and outputs the changed torque through an
output gear OG. The power transmission system includes first
and second planetary gear sets PG1 and PG2, first and second
motor/generators MG1 and MG2, and frictional elements
including first and second clutches CL.1 and CL.2 and a first
brake BK1.

The first planetary gear set PG1 includes first, second, and
third rotation elements N1, N2, and N3, and the second plan-
etary gear set PG2 includes fourth, fifth, and sixth rotation
elements N4, N5, and N6. The first planetary gear set PG1 and
the second planetary gear set PG2 are disposed on a first
rotation shaft RS1 disposed in parallel or substantially in
parallel with the input shaft IS.

The third rotation element N3 is connected to the input
shaft IS through an externally-meshed gear and is selectively
connected to the fourth rotation element N4 through an exter-
nally-meshed gear. The second rotation element N2 and the
fifth rotation element N5 are connected to the output gear OG
and are selectively connected to the fourth rotation element
N4 in a state of being directly connected to each other.

The first rotation element N1 is directly connected to the
first motor/generator MG1, the third rotation element N3 is
connected to the input shaft IS through a first transfer drive
gear TF1 that is an externally-meshed gear, and the third
rotation element N3 is selectively connected to the fourth
rotation element N4 through the first transfer drive gear TF1
and a second transfer gear TF2. That is, the third rotation
element N3 is selectively connected to the second transfer
gear TF2.
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The third rotation element N3 and the second transfer gear
TF2 canbe connected through an additional rotation member,
but it is exemplified in the present exemplary embodiments
that the input shaft IS connected to the third rotation element
N3 is selectively connected to the second transfer gear TF2.

In addition, the second rotation element N2 and the fifth
rotation element N5 are connected to the output gear OG
through a second rotation shaft RS2 that is disposed at an
external circumference of the first rotation shaft RS1 without
rotational interference with the first rotation shaft RS1, and
the first rotation shaft RS1 and the second rotation shaft RS2
are selectively connected. Therefore, the second rotation ele-
ment N2 and the fifth rotation element N5 can be selectively
connected to the fourth rotation element N4 connected to the
first rotation shaft RS1.

The first and second transfer gears TF1 and TF2 respec-
tively have first and second transfer drive gears TF1a and
TF2a and first and second transfer driven gear TF15 and TF2b
externally meshed with each other. The first transfer drive
gear TF1a of the first transfer gear TF1 is connected to the
input shaft IS, and the first transfer driven gear TF15 exter-
nally meshed with the first transfer drive gear TF1a is con-
nected to the third rotation element N3. The second transfer
drive gear TF2a of the second transfer gear TF2 is selectively
connected to the input shaft IS, and the second transfer driven
gear TF2b externally meshed with the second transfer drive
gear TF2a is connected to the fourth rotation element N4. In
addition, gear ratios of the first and second transfer gears TF1
and TF2 can be set according to target speed ratios.

The first motor/generator MG1 and the second motor/gen-
erator MG2 are independent power sources and are operated
as a motor and a generator. The first motor/generator MG1 is
operated as the motor that supplies torque to the first rotation
element N1 of the first planetary gear set PG1 or is operated
as the generator that generates electricity by torque of the first
rotation element N1. The second motor/generator MG2 is
operated as the motor that supplies torque to the fourth rota-
tion element N4 of the second planetary gear set PG2 or is
operated as the generator that generates electricity by torque
of the fourth rotation element N4.

For this purpose, the first motor/generator MG1 and the
second motor/generator MG2 as well as the first and second
planetary gear sets PG1 and PG2 are disposed on the first
rotation shaft RS1, a stator of the first motor/generator MG1
and a stator of the second motor/generator MG2 are fixed to
the transmission housing H, and a rotor of the first motor/
generator MG1 and a rotor of the second motor/generator
MG?2 are connected respectively to the first rotation element
N1 of the first planetary gear set PG1 and the fourth rotation
element N4 of the second planetary gear set PG2.

The first clutch CL1 is operated as a selective direct-cou-
pling means. The first clutch CL.1 selectively connects the
fourth rotation element N4 (and first rotation shaft RS1) to the
fifth rotation element N5 (and second rotation shaft RS2). The
second clutch CL2 and the first brake BK1 are operated as
selective connecting means. The second clutch CL.2 selec-
tively connects the third rotation element N3 of the first plan-
etary gear set PG1 (and input shaft IS) to the fourth rotation
element N4 of the second planetary gear set PG2 (and first
rotation shaft RS1), and the first brake BK1 selectively con-
nects the sixth rotation element N6 of the second planetary
gear set PG2 to the transmission housing H.

The first and second clutches CL1 and CL2 are frictional
elements selectively connecting a rotation element with
another rotation element, and the first brake BK1 is a fric-
tional element selectively connecting a rotation element with
a fixed element (i.e., transmission housing). The first and
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second clutches CLL1 and CL2 and the brake BK may be
conventional multi-plate friction elements of wet type that are
operated by hydraulic pressure.

The power transmission system of a hybrid electric vehicle
of FIG. 1 will be described in further detail.

The first planetary gear set PG1 is a single pinion planetary
gear set, and includes the first rotation element N1 being a first
sun gear S1, the second rotation element N2 being a first
planet carrier PC1 rotatably supporting a first pinion P1 exter-
nally meshed with the first sun gear S1, and the third rotation
element N3 being a first ring gear R1 internally meshed with
the first pinion P1.

The second planetary gear set PG2 is a single pinion plan-
etary gear set, and includes the fourth rotation element N4
being a second sun gear S2, the fifth rotation element N5
being a second planet carrier PC2 rotatably supporting a
second pinion P2 externally meshed with the second sun gear
S2, and the sixth rotation element N6 being a second ring gear
R2 internally meshed with the second pinion P2.

The input shaft IS is connected to the first ring gear R1
through the externally-meshed gear and is selectively con-
nected to the second sun gear S2 through the externally-
meshed gear. The first planet carrier PC1 and the second
planet carrier PC2 is connected to the output gear OG and is
selectively connected to the second sun gear S2 in a state of
being directly connected to each other.

The first ring gear R1 is connected to the input shaft IS
through the first transfer gear TF1 that is the externally-
meshed gear and is selectively connected to the second sun
gear S2 through the first and second transfer gears TF1 and
TF2. That is, the first ring gear R1 and the second transfer gear
TF2 are selectively connected. The first ring gear R1 and the
second transfer gear TF2 can be connected through an addi-
tional rotation member, but it is exemplified in this specifica-
tion that the input shaft IS connected to the first ring gear R1
is connected to the second transfer gear TF2.

In addition, the first planet carrier PC1 and the second
planet carrier PC2 are connected to the output gear OG
through the second rotation shaft RS2 that is disposed at the
external circumference of the first rotation shaft RS1 without
rotational interference therewith, and the first rotation shaft
RS1 and the second rotation shaft RS1 are selectively con-
nected. Therefore, the first and second planet carriers PC1 and
PC2 can be selectively connected to the second sun gear S2
connected to the first rotation shaft RS1.

The first and second transfer gears TF1 and TF2 respec-
tively have the first and second transfer drive gears TF1a and
TF2a and the first and second transfer driven gears TF16 and
TF2b externally meshed with each other. The first and second
transfer drive gears TF1a and TF2a are connected to the input
shaft IS, and the first and second transfer driven gears TF15
and TF2b externally meshed with the first and second transfer
drive gears TF1a and TF2a are connected to the first ring gear
R1 and the second sun gear S2, respectively.

The first motor/generator MG1 is operated as the motor
that supplies torque to the first sun gear S1 or is operated as the
generator that generates electricity by torque of the first sun
gear S1. The second motor/generator MG2 is operated as the
motor that supplies torque to the second sun gear S2 or is
operated as the generator that generates electricity by torque
of the second sun gear S2.

The first clutch CL1 selectively connects the second sun
gear S2 with the second planet carrier PC2 so as to directly
couple the second planetary gear set PG2 selectively. That is.
The first clutch CL1 selectively connects the first rotation
shaft RS1 and the second rotation shaft RS2. The second
clutch CL2 selectively connects the first ring gear R1 of the
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first planetary gear set PG1 with the second sun gear S2 of the
second planetary gear set PG2, and the first brake BK1 selec-
tively connects the second ring gear R2 of the second plan-
etary gear set PG2 with the transmission housing H.

FIG. 2 is an operational chart of frictional elements at each
mode applied to a power transmission system shown in FIG.
1. Referring to FIG. 2, a first EV (Electric Vehicle) mode is
achieved by operating the first brake BK1. A second EV mode
is achieved by operating the first clutch CL1. A first hybrid
operating mode is achieved by operating the first brake BK1.
A second hybrid operating mode is achieved by operating the
first clutch CL1. A third hybrid operating mode is achieved by
operating the second clutch CL2. A first engine mode is
achieved by operating the second clutch CL2 and the first
brake BK1. A second engine mode is achieved by operating
the first clutch CL1 and the second clutch CL2.

As described above, the power transmission system
according to various embodiments of the present invention
canrealize two EV modes, three hybrid operating modes, and
two engine modes.

FIG. 3 is a schematic diagram briefly illustrating connec-
tion of rotation elements in a power transmission system
illustrated in FIG. 1. Referring to FIG. 3, the second rotation
element N2 and the fifth rotation element N5 are directly
connected and the fourth rotation element N4 and the fifth
rotation element N5 are selectively connected through the
first clutch CL1 in the power transmission system according
to the system of FIG. 1.

In addition, the first rotation element N1 is connected to the
first motor/generator MG1, the third rotation element N3 is
connected to the input shaft IS to which the torque of the
engine ENG is input through the first transfer gear TF1, and
the fourth rotation element N4 is connected to the second
motor/generator MG2 and is selectively connected to the
input shaft IS through the second transfer gear TF2 and the
second clutch CL2. In addition, the sixth rotation element N6
is selectively connected to the transmission housing H
through the first brake BK1.

FIG. 4 to FI1G. 7 are drawings for explaining operation of a
power transmission system according to the system of FIG. 1
at each mode. FIG. 4 to FIG. 7 illustrate change of input
rotation speed assuming that output rotation speed is constant
or substantially constant.

First EV Mode

FIG. 4A is a drawing for explaining operation of the power
transmission system according to the system of FIG. 1 at the
first EV mode. The EV mode is a mode where power of a
battery is supplied to a motor/generator in a stopped state of
an engine such that a vehicle is driven by power of the motor/
generator. Since the engine is stopped, fuel economy may be
enhanced, and the vehicle can move rearward without an
additional reverse speed device at the EV mode. The EV
mode is utilized when the vehicle is started in a stopped state
or the vehicle runs with a low speed. A reduced gear ratio
where the power source rotates faster than an output member
is required for assisting hill-start or quick acceleration.

Under such conditions, the sixth rotation element N6 is
operated as a fixed element by operation of the first brake
BK1, and the second motor/generator MG2 is operated so as
to input torque of the second motor/generator MG2 to the
fourth rotation element N4 at the first EV mode. Therefore,
the torque of the second motor/generator MG2 is changed
according to the gear ratio of the second planetary gear set
PG2 and the changed torque is output

At this time, the first planetary gear set PG1 is not involved
in a shift. However, the third rotation element N3 is stopped
together with the engine and the second rotation element N2
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is directly connected to the fifth rotation element N5. There-
fore, the first and second rotation elements N1 and N2 are
idling.

Second EV Mode

FIG. 4B is a drawing for explaining operation of the power
transmission system according to the system of FIG. 1 at the
second EV mode. Efficiency of the motor/generator changes
according to rotation speed and torque thereof. This means
that a conversion ratio of electrical energy into mechanical
energy is different according to the rotation speed and the
torque of the motor/generator even though the same amount
of current is supplied.

Current of the battery used at EV mode is generated by
burning fuel in the engine or being accumulated by regenera-
tive braking, but how to use the accumulated energy effi-
ciently affects on enhancement of fuel economy directly. For
this reason, a transmission realizing more than two shift-
speeds is increasingly mounted on the electric vehicle, and it
is advantageous that the hybrid vehicle realizes the EV mode
having more than two shift-speeds. Therefore, the exemplary
embodiments of the present invention can realize two EV
modes.

Shifting processes to the second EV mode are as follows. If
vehicle speed increases during the vehicle drives at the first
EV mode, efficiency of the second motor/generator MG2 is
deteriorated. At this time, ifthe first brake BK1 is released and
the first clutch CL1 is operated at a point where the efficiency
of the second motor/generator MG2 is bad, the second EV
mode is achieved.

In this case, since the first clutch CL1 that is the direct-
coupling device of the second planetary gear set PG2 is oper-
ated, the second planetary gear set PG2 becomes a direct-
coupling state. Therefore, all the rotation elements N4, N5,
and N6 of the second planetary gear set PG2 rotate with the
same speed and the driving torque is output through the fifth
rotation element N5. At this time, the first planetary gear set
PG1 is not involved in a shift. However, the third rotation
element N3 is stopped together with the engine, and the first
and second rotation elements N1 and N2 are idling.

First Hybrid Operating Mode

FIG. 5A is a drawing for explaining operation of the power
transmission system according to the system of FIG. 1 at the
first hybrid operating mode. The torque of the engine is deliv-
ered to the output member through mechanical path and elec-
trical path at the first hybrid operating mode, and such split of
the engine torque is done by the planetary gear set. Since the
engine and the motor/generator connected to the planetary
gear set can control their rotation speeds regardless of the
vehicle speed, the power transmission system at the first
hybrid operating mode is operated as an electric continuously
variable transmission.

The speed and the torque of the engine are fixed at given
vehicle speed in a conventional transmission, but the speed
and the torque of the engine can be changed freely at the given
vehicle speed in the electric continuously variable transmis-
sion. Therefore, driving efficiency of the engine may be maxi-
mized and fuel economy may be enhanced.

Shifting processes to the first hybrid operating mode are as
follows. The second rotation element N2 of the first planetary
gear set PG1 as well as the fifth rotation element N5 is con-
nected to the output gear OG, but the first and third rotation
elements N1 and N3 can rotate freely at the first EV mode
(referring to FIG. 4A).

If'the engine ENG is started using the first motor generator
MG1 at this state, speeds of the engine ENG and the first
motor/generator MG1 can be controlled regardless of the
vehicle speed. Therefore, if the engine ENG and the first
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motor/generator MG1 are controlled, the torque of the engine
and the torque of the first motor/generator MG1 are summed
up and the summed torque is delivered to the fifth rotation
element N5 that is the output element. Therefore, high driving
torque may be generated.

At this time, the first motor/generator M1 is operated as
the generator if rotating positively, and the first motor/gen-
erator MG1 is operated as the motor if rotating negatively (at
this time, the rotation speed of the engine ENG decreases). In
addition, the sixth rotation element N6 is operated as the fixed
element by operation of the first brake BK1, the driving
torque is output through the fifth rotation element N5, and the
fourth rotation element N4 is idling in the second planetary
gear set PG2. Since the engine ENG and the first motor/
generator MG1 can be controlled independently at the first
hybrid operating mode, fuel economy and driving perfor-
mance may be greatly enhanced.

Second Hybrid Operating Mode

FIG. 5B is a drawing for explaining operation of the power
transmission system according to the system of FIG. 1 at the
second hybrid operating mode. If the vehicle speed increased
during the vehicle runs at the first hybrid operating mode, the
first brake BK1 is released and the first clutch CL1 is operated
s0 as to lower rotation speeds of all the rotation elements of
the first planetary gear set PG1. Accordingly, the second
hybrid operating mode begins.

Since the first clutch CL1 that is the direct-coupling device
of'the second planetary gear set PG2 is operated, the second
planetary gear set PG2 becomes a direct-coupling state.
Therefore, all the rotation elements N4, N5, and N6 of the
second planetary gear set PG2 rotate with the same speed.

At this time, the second rotation element N2 of the first
planetary gear set PG1 as well as the second planetary gear set
P@G2 is restricted by the output gear OG, but the first and third
rotation elements N1 and N3 can rotate freely. Therefore, if
the engine ENG and the first motor/generator MG1 are con-
trolled, speeds of the engine ENG and the first motor/genera-
tor MG1 can be controlled regardless of the vehicle speed.
Since the engine ENG and the first motor/generator MG1 can
be controlled independently at the second hybrid operating
mode, the same as at the first hybrid operating mode, fuel
economy and driving performance may be greatly enhanced.

Third Hybrid Operating Mode

FIG. 6 is a drawing for explaining operation of the power
transmission system according to the system of FIG. 1 at the
third hybrid operating mode. Since the rotation speed of the
motor/generator connected to the output element is restricted
to the vehicle speed, the motor/generator cannot be operated
efficiently and capacity of the motor/generator is hard to be
reduced at the third hybrid operating mode. Particularly, if the
rotation speed of the motor/generator restricted to the vehicle
speed is high due to high vehicle speed, efficiency of the
motor/generator may be deteriorated and fuel economy may
be hard to be optimized.

Under such conditions, one rotation element of the first
planetary gear set PG1 one rotation element of the second
planetary gear set PG2 connected to the engine ENG are
coupled to another rotation element of the first planetary gear
set PG1 and another rotation element of the second planetary
gear set PG2 connected to the output gear OG so that the
rotation speed of the engine ENG and the rotation speeds of
two motor/generators MG1 and MG2 are controlled regard-
less the vehicle speed. Thereby, the power transmission sys-
tem may be operated as a continuously variable transmission
and may enhance fuel economy.

If the second clutch CL2 is operated, the rotation speed of
the third rotation element N3 and the rotation speed of the
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fourth rotation element N4 are correlated by a predetermined
gear ratio (the gear ratios of the first transfer gear and the
second transfer gear), and the third rotation element N3 and
the fourth rotation element N4 rotate in the same direction.

In addition, since the second rotation element N2 and the
fifth rotation element N5 are connected to the output gear OG,
the second rotation element N2 and the fifth rotation element
N5 rotate with the same speed. Since the rotation elements of
the first and second planetary gear sets PG1 and PG2 are
restricted by predetermined gear ratios, the speeds and the
torques of the rotation elements are restricted to each other. In
addition, since electrical energy of the first and second motor/
generators MG1 and MG2 should be balanced, the speeds and
the torques of all the rotation elements of the first and second
planetary gear sets PG1 and PG2 are correlated to each other
and the power transmission system operates as the electric
continuously variable transmission at the third hybrid oper-
ating mode.

The first hybrid operating mode and the second hybrid
operating mode can be converted into the third hybrid oper-
ating mode. That is, if the first hybrid operating mode and the
second hybrid operating mode are converted into the third
hybrid operating mode, the second clutch CL.2 is operated.
After that, the engine ENG and the second motor/generator
MG?2 that can be independently controlled at the first and
second hybrid operating modes are synchronized and the first
brake BK1 or the first clutch CL1 is released. Therefore,
conversion to the third hybrid operating mode can be done
smoothly.

That is, when the first hybrid operating mode is converted
into the third hybrid operating mode, the engine ENG and the
second motor/generator MG2 are synchronized by operating
the second clutch CL2 and the first brake BK1 is released.
When the second hybrid operating mode is converted into the
third hybrid operating mode, the engine ENG and the second
motor/generator MG2 are synchronized by operating the sec-
ond clutch CL2 and the first clutch CL1 is released.

When converting from the first hybrid operating mode or
the second hybrid operating mode to the third hybrid operat-
ing mode, direction of torque of the first and second motor/
generators MG1 and MG2 does not change. Therefore,
impact due to mode conversion does not occur.

First Engine Mode

FIG. 7A is a drawing for explaining operation of the power
transmission system according to the system of FIG. 1 at the
first engine mode. Important technique in the hybrid vehicle
for enhancing fuel economy is recovery and reuse of brake
energy and control of driving point of the engine.

In addition, controlling of the driving point of the engine
accompanies conversion of mechanical energy of the engine
into electric energy of the motor/generator and conversion of
the electric energy of the motor/generator back into mechani-
cal energy at the motor/generator. During energy conversion,
not all input energy is output and energy loss occurs. Since
fuel economy at the engine mode where the vehicle is driven
only by the engine may be superior to that at the hybrid mode
at any driving condition, the exemplary embodiments of the
present invention provide two engine modes.

That is, the second clutch CL2 and the first brake BK1 are
engaged at the first engine mode. In this case, the sixth rota-
tion element N6 is operated as the fixed element, and the
rotation speed of the engine ENG is changed according to the
gear ratio of the second transfer gear TF2 and is then trans-
mitted to the fourth rotation element N4. Therefore, reduced
speed ratio is generated. At this time, since the first and
second motor/generators MG1 and MG2 do not need to pro-
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vide torque, the first engine mode at which the vehicle is
driven only by the engine ENG is achieved.

Second Engine Mode

FIG. 7B is a drawing for explaining operation of the power
transmission system according to the system of FIG. 1 at the
second engine mode. If the vehicle speed increases during the
vehicle runs at the first engine mode, the first brake BK1 is
released and the first clutch CL1 is operated.

In this case, all the rotation elements N4, N5, and N6 of the
second planetary gear set PG2 rotate with the same speed by
operation of the first and second clutches CL.1 and CL2. In
addition, since the rotation speed of the third rotation element
N3 is slower than the rotation speed of the fourth rotation
element N4, the fifth rotation element N5 is faster than the
engine ENG. Since the first and second motor/generators
MG1 and MG2 need not to provide torque at this time, the
second engine mode at which the vehicle is driven only by the
torque of the engine ENG is achieved.

According to the system of FIG. 1, two EV modes, three
hybrid operating modes, and two engine modes can be
achieved by combining two planetary gear sets PG1 and PG2,
three frictional elements CL1, CL2, and BK1, and two motor/
generators MG1 and MG2.

In addition, the electric load may be reduced and the maxi-
mum power of the engine may be used by giving more impor-
tance on mechanical power delivery path when splitting the
engine power. Further, the number of mode conversions may
be decreased when starting, and change in rotation speed of
all the rotation elements may be minimized when converting
modes. Since sufficient power performance is provided in
Wide Open Throttle (WOT) start, conversion to the engine
mode is suppressed and maximum power of the engine can be
used in conversion among the first, second, and third hybrid
operating modes.

In addition, the second clutch CL.2 is disposed between the
third rotation element N3 of the first planetary gear set PG1
and the fourth rotation element N4 of the second planetary
gear set PG2 so as to freely perform a mode changed from the
first hybrid operating mode or the second hybrid operating
mode into the third hybrid operating mode according to the
system of FIG. 1. If the second clutch CL2 is operated, the
engine ENG and the second motor/generator MG2 that can be
independently controlled at the first and second hybrid oper-
ating modes are synchronized and conversion to the third
hybrid operating mode is then achieved. Therefore, mode
conversion can be achieved smoothly. Therefore, impact due
to engagement of the second clutch CL2 may be suppressed
and direction of torque of the first motor/generator MG1 and
the second motor/generator MG2 is maintained before or
after mode conversion. Therefore, controllability may be
excellent.

After mode conversion is achieved, the engine is operated
at its maximum power point at the third hybrid operating
mode, and the rotation speed of the second motor/generator
MG?2 decreases as the vehicle speed increases. Therefore, the
vehicle can be driven within a drive limit range of the motor.
Since the engine mode is provided, the vehicle can run with
high speed without electric load of the first and second motor/
generators MG1 and MG2. Therefore, fuel economy may be
improved.

FIG. 8 is a schematic diagram of a power transmission
system according to various embodiments of the present
invention. Referring to FIG. 8, unlike in the system of FIG. 1
where the first planetary gear set PG1 is a single pinion
planetary gear set, the first planetary gear set PG1 is a double
pinion planetary gear set in the system of FIG. 8.
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Therefore, the first sun gear S1 is the first rotation element
N1, the first ring gear R1 is the second rotation element N2,
and the first planet carrier PC1 is the third rotation element
N3. Since functions of the system of FI1G. 8 are the same as or
similar to those of the system of FIG. 1 except the rotation
elements consisting of the second and third rotation elements
N2 and N3, detailed description thereof will be omitted.

FIG. 9 is a schematic diagram of a power transmission
system according to various embodiments of the present
invention. Referring to FIG. 9, unlike in the system of FIG. 1
where the second planetary gear set PG2 is a single pinion
planetary gear set, the second planetary gear set PG2 is a
double pinion planetary gear set in the system of FIG. 9.

Therefore, the second sun gear S2 is the fourth rotation
element N4, the second ring gear R2 is the fifth rotation
element N2, and the second planet carrier PC2 is the sixth
rotation element N6. Since functions of the system of FIG. 8
are the same as or similar to those of the system of FIG. 1
except the rotation elements consisting of the fifth and sixth
rotation elements N5 and N6, detailed description thereof will
be omitted.

FIG. 10 is a schematic diagram of a power transmission
system according to various embodiments of the present
invention. Referring to FIG. 10, unlike in the system of FIG.
1 where a clutch that is selective power delivery means is not
disposed between the engine ENG and the third rotation
element N3, a third clutch CL3 that is selective power deliv-
ery means is disposed between the engine ENG and the third
rotation element N3 in the system of FIG. 10.

Therefore, the third clutch CL3 is operated at a mode where
the torque of the engine ENG is demanded, the torque of the
engine ENG is transmitted to the third rotation element N3 of
the first planetary gear set PG1. Since functions of the system
of FIG. 9 are the same as or similar to those of the system of
FIG. 1 except whether the third clutch CL3 exists or not,
detailed description thereof will be omitted.

FIG. 11 is a schematic diagram of a power transmission
system according to various embodiments of the present
invention. Referring to FIG. 11, unlike in the system of FIG.
1 where the second clutch CI.2 is disposed between the input
shaft IS and the second transfer gear TF2, the second clutch
CL2 is disposed between the second transfer gear TF2 and the
first rotation shaft RS1 in the system of FIG. 11. Since func-
tions of the system of FIG. 11 are the same as or similar those
of the system of FIG. 1 except the position of the second
clutch CL2, detailed description thereof will be omitted.

According to various exemplary embodiments of the
present invention, the electric load may be reduced and the
maximum power of the engine may be used by giving more
importance on mechanical power delivery path when splitting
the engine power. Further, the number of mode conversions
may be decreased when starting, and change in rotation speed
of all the rotation elements may be minimized when convert-
ing modes. Since sufficient power performance is provided in
WOT (Wide Open Throttle) start, conversion to the engine
mode is suppressed and maximum power of the engine can be
used in conversion between the hybrid input split mode and
the compound split mode.

In addition, the second clutch is disposed between the third
rotation element of the first planetary gear set and the fourth
rotation element of the second planetary gear set so as to
freely perform a mode changed from the first hybrid operating
mode or the second hybrid operating mode into the third
hybrid operating mode according to the exemplary embodi-
ments of the present invention. If the second clutch is oper-
ated, the engine and the second motor/generator that can be
independently controlled at the first and second hybrid oper-
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ating modes are synchronized and conversion to the third
hybrid operating mode is then achieved. Therefore, mode
conversion can be achieved smoothly. Therefore, impact due
to engagement of the second clutch may be suppressed and
direction of torque of the first motor/generator and the second
motor/generator is maintained before or after mode conver-
sion. Therefore, controllability may be excellent.

After mode conversion is achieved, the engine is operated
at its maximum power point at the third hybrid operating
mode, and the rotation speed of the second motor/generator
decreases as the vehicle speed increases. Therefore, the
vehicle can be driven within a drive limit range of the motor.
Since the engine mode is provided, the vehicle can run with
high speed without electric load of the first and second motor/
generators. Therefore, fuel economy may be improved.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for pur-
poses of illustration and description. They are not intended to
be exhaustive or to limit the invention to the precise forms
disclosed, and obviously many modifications and variations
are possible in light of the above teachings. The exemplary
embodiments were chosen and described in order to explain
certain principles of the invention and their practical applica-
tion, to thereby enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications thereof.
It is intended that the scope of the invention be defined by the
Claims appended hereto and their equivalents.

What is claimed is:

1. A power transmission system of a hybrid electric vehicle
comprising:

an input shaft receiving torque of an engine;

a first rotation shaft disposed in parallel with the input
shaft;

a second rotation shaft disposed in parallel with the input
shaft and enclosing at least a part of the first rotation
shaft;

a first planetary gear set disposed on the second rotation
shaft, and including a first rotation element directly con-
nected to a first motor/generator, a second rotation ele-
ment connected to an output gear through the second
rotation shaft, and a third rotation element connected to
the input shaft through a first transfer gear; and

a second planetary gear set disposed on the first rotation
shaft, and including a fourth rotation element connected
to a second motor/generator through the first rotation
shaft and selectively connected to the input shaft through
a second transfer gear, a fifth rotation element connected
to the second rotation element, and a sixth rotation ele-
ment selectively connected to a transmission housing.

2. The power transmission system of claim 1, wherein the
first planetary gear set is a single pinion planetary gear set,
and includes a first sun gear being the first rotation element, a
first planet carrier being the second rotation element, and a
first ring gear being the third rotation element, and

wherein the second planetary gear set is a single pinion
planetary gear set, and includes a second sun gear being
the fourth rotation element, a second planet carrier being
the fifth rotation element, and a second ring gear being
the sixth rotation element.

3. The power transmission system of claim 1, wherein the
first planetary gear set is a double pinion planetary gear set,
and includes a first sun gear being the first rotation element, a
first ring gear being the second rotation element, and a first
planet carrier being the third rotation element, and

wherein the second planetary gear set is a single pinion
planetary gear set, and includes a second sun gear being



US 9,266,418 B2

15

the fourth rotation element, a second planet carrier being
the fifth rotation element, and a second ring gear being
the sixth rotation element.

4. The power transmission system of claim 1, wherein the
first planetary gear set is a single pinion planetary gear set,
and includes a first sun gear being the first rotation element, a
first planet carrier being the second rotation element, and a
first ring gear being the third rotation element, and

wherein the second planetary gear set is a double pinion
planetary gear set, and includes a second sun gear being
the fourth rotation element, a second ring gear being the
fifth rotation element, and a second planet carrier being
the sixth rotation element.

5. The power transmission system of claim 1, further com-

prising:

a first clutch disposed between the first rotation shaft and
the second rotation shaft;

a second clutch disposed between the input shaft and the
second transfer gear; and

a first brake disposed between the sixth rotation element
and the transmission housing.

6. The power transmission system of claim 5, wherein

the first brake is operated at a first EV mode,

the first clutch is operated at a second EV mode,

the first brake is operated at a first hybrid operating mode,

the first clutch is operated at a second hybrid operating
mode,

the second clutch is operated at a third hybrid operating
mode,

the second clutch and the first brake are operated at a first
engine mode, and

the first clutch and the second clutch are operated at a
second engine mode.

7. The power transmission system of claim 1, wherein a
third clutch is disposed between the engine and the input
shaft.

8. The power transmission system of claim 1, further com-
prising:

a first clutch disposed between the first rotation shaft and

the second rotation shaft;

a second clutch disposed between the second transfer gear
and the first rotation shaft; and

a first brake disposed between the sixth rotation element
and the transmission housing.

9. A power transmission system of a hybrid electric vehicle

comprising:

an input shaft receiving torque of an engine;

a first rotation shaft disposed in parallel with the input
shaft;

a second rotation shaft disposed in parallel with the input
shaft and enclosing at least a part of the first rotation
shaft;

a first planetary gear set including a first rotation element
directly connected to a first motor/generator, a second
rotation element connected to an output gear through the
second rotation shaft, and a third rotation element con-
nected to the input shatft;

a second planetary gear set including a fourth rotation
element connected to a second motor/generator and
selectively connected to the input shaft, a fifth rotation
element connected to the second rotation element, and a
sixth rotation element selectively connected to a trans-
mission housing;

a first transfer gear connecting the input shaft to the third
rotation element; and
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a second transfer gear connecting the input shaft to the

fourth rotation element.

10. The power transmission system of claim 9, wherein the
first planetary gear set is a single pinion planetary gear set,
and includes a first sun gear being the first rotation element, a
first planet carrier being the second rotation element, and a
first ring gear being the third rotation element, and

wherein the second planetary gear set is a single pinion

planetary gear set, and includes a second sun gear being
the fourth rotation element, a second planet carrier being
the fifth rotation element, and a second ring gear being
the sixth rotation element.

11. The power transmission system of claim 9, wherein the
first planetary gear set is a double pinion planetary gear set,
and includes a first sun gear being the first rotation element, a
first ring gear being the second rotation element, and a first
planet carrier being the third rotation element, and

wherein the second planetary gear set is a single pinion

planetary gear set, and includes a second sun gear being
the fourth rotation element, a second planet carrier being
the fifth rotation element, and a second ring gear being
the sixth rotation element.

12. The power transmission system of claim 9, wherein the
first planetary gear set is a single pinion planetary gear set,
and includes a first sun gear being the first rotation element, a
first planet carrier being the second rotation element, and a
first ring gear being the third rotation element, and

wherein the second planetary gear set is a double pinion

planetary gear set, and includes a second sun gear being
the fourth rotation element, a second ring gear being the
fifth rotation element, and a second planet carrier being
the sixth rotation element.

13. The power transmission system of claim 9, further
comprising:

a first clutch disposed between the first rotation shaft and

the second rotation shaft;

a second clutch disposed between the input shaft and the

second transfer gear; and

a first brake disposed between the sixth rotation element

and the transmission housing.

14. The power transmission system of claim 13, wherein

the first brake is operated at a first EV mode,

the first clutch is operated at a second EV mode,

the first brake is operated at a first hybrid operating mode,

the first clutch is operated at a second hybrid operating

mode,

the second clutch is operated at a third hybrid operating

mode,

the second clutch and the first brake are operated at a first

engine mode, and

the first clutch and the second clutch are operated at a

second engine mode.

15. The power transmission system of claim 9, wherein a
third clutch is disposed between the engine and the input
shaft.

16. The power transmission system of claim 9, further
comprising:

a first clutch disposed between the first rotation shaft and

the second rotation shaft;

a second clutch disposed between the second transfer gear

and the first rotation shaft; and

a first brake disposed between the sixth rotation element

and the transmission housing.
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